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(54) Information recording medium and method of manufacturing the same 



(57) An information recording medium that is excel- 
lent in repeated- rewriting performance and is deteriorat- 
ed less in crystallization sensitivity with time is provided, 
with respect to which high density recording can be car- 
ried out. A method of manufacturing the same also is 
provided. The information recording medium includes a 



substrate (11) and a recording layer (14) disposed 
above the substrate (11). The recording layer (14) con- 
tains, as constituent elements, Ge, Sb, Te, Sn, and at 
least one element M selected from Ag, Al, Cr, Mn, and 
N and is transformed in phase reversibly between a 
crystal phase and an amorphous phase by an irradiation 
of an energy beam. 



CM 
< 

o 
o> 

CM 
CO 




19 



Fig. 1 



17 
16 

5 

2b 



'7/77 / ' / ' s ' \ ' ^ a 




LU 



Printed by Jouve, 75001 PARIS (FR) 



Description 



EP 1 132 904 A2 



can bl oofctrZ h h I * 9enera,ly t0 a " infomati ° n rec °*ing medium with respect to which information 
?0OO2 e in « lr h ' reWntten! a " d re P roduced ' and t0 * ™th°d of manufacturing the same. 

Sin ? p ^"f.- chan 8 e '"f«>™ation recording medium, information is recorded, erased, and rewritten usina a 

[00041 In order to prevent the repeated-rnwtiling pettarmarroe from baring dUrtoiaMd it is nsoesearv to ,«!„■,. ih. 

SZTf « ""hniqoa '«W«=d to obUtr, . high dansit, |«om»lk.n wording medium with two r.ootdioo lavers 
* ™ "°"° n ; ,w *~« s « •» ««*>« "talta. It dimoult tot JL» „ mTO o Ttetotoolto 

tTO to .„« „ ST'L ""'""S "teditttrt In whloh .mall rretotding marks must b. reoordad in a short 

TO. In addnron. when tho crystallization tM, deoroa.es. d.teddratloh In otystallization senshh/ih, wSmto md Z, 

r^leaTe oT 3 By r, c r W * eSS " n " a " V »' Sb. Te. sn. and «, leaetL blentem M 
Si™ , ™" s,om, «d ,n phaae ™».,s,bl/ between . dtyst.l phaaa and an erotphoaa phaa. by an Irradiation ot ana ov 

pi J L«Z"or aU ° n reC ° rdin9 mediUm ' reC ° rdin9 ^ ^ be '°™ d - * serial ex- 
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recording layer is in an amorphous phase. 

[0011] In the above-mentioned information recording medium, the recording layer may have a thickness of 5 nm to 
15 nm. When the thickness of the recording layer is set to be at least 5 nm, the recording layer can be changed to be 
in a crystal phase easily. In addition, when the thickness of the recording layer is set to be not more than 15 nm, the 

5 repeated-rewriting performance can be prevented from deteriorating. 

[0012] The information recording medium further may include a first protective layer, a second protective layer, and 
a reflective layer. The first protective layer, the recording layer, the second protective layer, and the reflective layer may 
be formed sequentially on the substrate. In this case, the information recording medium further may include an interface 
layer disposed in at least one position selected from a position between the first protective layer and the recording 

10 layer and a position between the second protective layer and the recording layer. Furthermore, the information recording 
medium further may include an optical absorption compensation layer disposed between the second protective layer 
and the reflective layer. 

[0013] The information recording medium further may include a first protective layer, a second protective layer, and 
a reflective layer. The reflective layer, the second protective layer, the recording layer, and the first protective layer may 

is be formed sequentially on the substrate. According to the above-mentioned configuration, an information recording 
medium can be obtained that allows particularly high density recording to be carried out. In this case, the information 
recording medium further may include an interface layer disposed in at least one position selected from a position 
between the first protective layer and the recording layer and a position between the second protective layer and the 
recording layer. Moreover, the information recording medium further may include an optical absorption compensation 

20 layer disposed between the reflective layer and the second protective layer. 

[0014] A method of manufacturing an information recording medium according to the present invention is directed 
to a method of manufacturing an information recording medium provided with a substrate and a recording layer disposed 
above the substrate. The method includes forming the recording layer by a vapor deposition method. The recording 
layer contains, as constituent elements, Ge, Sb, Te, Sn, and at least one element M selected from Ag, Al, Cr, Mn, and 

25 N. The recording layer is transformed in phase reversibly between a crystal phase and an amorphous phase by an 
irradiation of energy beams. According to the manufacturing method, an Information recording medium of the present 
invention can be manufactured easily. 

[0015] In the above-mentioned manufacturing method, the vapor deposition method may be at least one method 
selected from a vacuum evaporation method, a sputtering method, an ion plating method, a chemical vapor deposition, 
30 and a molecular beam epitaxy. 

[0016] In the above-mentioned manufacturing method, the vapor deposition method may be a sputtering method 
using a gas containing at least one gas selected from nitrogen gas and oxygen gas and one rare gas selected from 
argon and krypton. 

[0017] In the manufacturing method, the recording layer may be deposited at a deposition rate of 0.5 nm/sec to 5 
35 nm/sec. According to the configuration described above, a recording layer in the amorphous state can be deposited. 
[0018] In the manufacturing method, the recording layer may have a thickness of 5 nm to 15 nm. 
[0019] FIG. 1 is a partial sectional view showing an example of an information recording medium according to the 
present invention. 

[0020] FIG. 2 is a partial sectional view showing another example of an information recording medium according to 
40 the present invention. 

[0021] FIG. 3 is a schematic view of a recording/reproducing device used for evaluation of information recording 
media. 

[0022] Embodiments of the present invention are described with reference to the drawings as follows. 



45 Embodiment 1 



[0023] In Embodiment 1 , the description is directed to an example of an Information recording medium according to 
the present invention. 

[0024] FIG. 1 shows a partial sectional view of an information recording medium 1 0 according to Embodiment 1 . The 
so information recording medium 10 includes: a substrate 11; a first protective layer 12a, a first Interface layer 13a, a 
recording layer 14, a second interface layer 13b, a second protective layer 12b, an optical absorption compensation 
layer 15, and a reflective layer 16, which are laminated sequentially on the substrate 11 ; and a dummy substrate 18 
bonded to the reflective layer 16 with an adhesive layer 17. In other words, the Information recording medium 10 is 
provided with the substrate 11 and the recording layer 14 disposed above the substrate 11 . The information recording 
55 medium 10 is irradiated with energy beams (generally, laser beams) 19 for recording and reproduction from the sub- 
strate 1 1 side. 

[0025] The recording layer 14 is transformed in phase reversibly between a crystal phase and an amorphous phase 
by the irradiation of the energy beams 1 9. Specifically, an irradiation of a high power energy beam 1 9 allows a crystal 
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phase portion of the recording layer 14 to change to an amorphous phase. An irradiation of a low power energy beam 
19 allows an amorphous phase portion of the recording layer 14 to change to a crystal phase. Preferably, the recording 
layer 1 4 has a thickness of 5 nm to 15 nm. a 
[0026] The recording layer 14 contains, as constituent elements, Ge, Sb, Te, Sn, and at least one element M selected 
trom Ag, Al, Cr, Mn, and N. Specifically, materials can be used that are expressed by a composition formula of 

[(Ge, Sn) A Sb 2 T e3+A ] 100 . B M B , 

US m* / »2 V °> < B o7 2 °- ThiS Composition formula lndicates ««* Ge and Sn are contained in a total amount 
of [(1 00-B)-A] / (2A+5) atom.% in the recording layer 14. It is more preferable that A and B satisfy 2SAS8and2 S B 
S 1 5, respectively. In the materials expressed by this composition formula, it is preferable that the Sn content is 2 atom 
^ to 20 atom.%. 

[00271 The materials expressed by the above-mentioned composition formula can be defined as materials prepared 
by substitution of part of Ge in a GeTe-Sb a Te 3 pseudobinary composition by Sn and addition of an element M thereto 
The GeTe-Sb 2 Te 3 pseudobinary composition has been used as a material with a high crystallization rate. In this material 
SnTe or PbTe is solved, so that the crystallization rate further can be increased. Both SnTe and PbTe have a rock-salt" 
crysta structure like the GeTe-Sb 2 Te 3 pseudobinary. In addition, SnTe and PbTe have high crystallization rates and 
are solved with Ge-Sb-Te eas.ly. Particularly, SnTe is preferable as a material to be solved in a GeTe-Sb 2 Te 3 pseudo- 
binary composition. 2 3 ^°= ukJlJ 

[0028] For instance it is preferred to use GeTe-SnTe-Sb 2 Te 3 , which can be obtained by the mixture of SnTe with 
f. I r Ml 3 Pfeudobmary composition, as the material of the recording layer 14. In this case, when part of Ge is 
fnnol t y thUS ( Ge - Sn ) Te -Sb 2 Te 3 is obtained, the crystallization rate further increases. 

[0029] The element M contained in the recording layer 14 is considered as having a function of suppressing the atom 
movement. The use of two elements of Al and Ag, Cr and Ag, or Mn and Ag as the element M can improve the repeated- 
rewnting performance, suppress the deterioration In crystallization sensitivity with time, and increase a signal amplitude 
However when the concentration of the element M or the number of elements is to be increased, it is preferred to 
increase the Sn concentration in the recording layer 1 4 to prevent the crystallization ratef rom being reduced Preferably 
the concentration of the element M is equal to or lower than the Sn concentration 

[0030] The substrate 1 1 is a disc-like transparent substrate. As the material of the substrate 1 1 . for example resins 
such as amorphous polyolefin or polymethyl methacrylate (PMMA) or glass can be used. At the surface of the substrate 
11 on the recording layer 14 side, guide grooves for guiding the energy beams 19 may be formed. The surface of the 
substrate 11 or, the energy beam 19 incident side is smooth and flat in general. The substrate has a thickness of for 
instance, about 0.5 mm to 1 .3 mm. 

[0031] The first and second protective layers 12a and 12b have a function of protecting the recording layer 14 The 
^r~«T ° \J 6COnd protec,ive la y ers 12a and 12 ° are adjusted, so that the quantity of incident light on 
the recording layer 14 can be increased and the signal amplitude (the variation In quantity of reflected light before and 
after recording) also can be increased. The thickness of the protective layers can be determined by calculation based 
on, for example, a matrix method (see, for instance, Chapter 3 in "Wave Optics" by Hiroshi Kubota, published by 
iwanam, Shinsho, 1971). With mis calculation, the thickness of the protect layers can be determined so that a 
It! lnHth e t « re ? C !! S ainCd b6tWeen thec l uantit y of the «Sht reflected from the recording layer 14 in acrystalline 

TrZTX^ZZT^ 9 ,ayer 14 in an amorphous state and 80 that the ^ of *« « 

[0032] The first and second protective layers 12a and 12b are formed of, for example, dielectrics. Specifically, ma- 
terials used I for the first and second protective layers 12a and 12b include oxides such as Si0 2 and Ta 2 O s nitrides 

s s uch ; ■ Y a " N, , z ?' or Ge - N ' sumdes such as2ns - orcarbides such as sic - in " 

The rZure fnt tn" ^ ^ ZnS " Si ° a * ™«™ ° f ZnS and Si °* fe a P^cularly good material. 

The mixture ZnS-S!0 2 is an amorphous material, has a high refractive index, and is excellent in mechanical properties 

T^Z n Zl TT nCe ' f o Urthemi0re ' the mixture ZnS - Si °2 can be deposited at a high deposition rate. The first and 
8 „™ , P rotectlve la V ers 12a 12b may be formed of the same material or different materials. 
[0033] The first and second interface layers 1 3a and 1 3b are disposed between the first protective layer 1 2a and the 
recording layer 14 and between the second protective layer 12b and the recording layer 14, respectively The first and 

» S rr d , ,nte fo e y HZ 133 and 13b h3Ve 3 funCtion of P reve "M"9 material migration occurring between the first pro- 
tec n/e layer 2a and the recording layer 14 and between the second protective layer 12b and the recording layer 14 

7 ^ TV," thS firSt and SeC ° nd interfaCe layers 133 and 13b include . for e ^mP'e, nitrides such as 
fai-N, Al-N, Zr-N, Ti-N, Ge-N. orTa-N, nitride oxides containing them, orcarbidesuch as SiC. In orderto obtain excellent 
recording/erasing performance, preferably, the first and second interface layers 13a and 13b have a thickness in the 
range of 1 nm to 1 0 nm, and more preferably in the range of 2 nm to 5 nm 
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[0034] In the optical absorption compensation layer 15, the ratio of the optical absorptance when the recording layer 
1 4 is in a crystalline state to that when the recording layer 1 4 Is in an amorphous state is adjusted. The optical absorption 
compensation layer 15 can prevent recording mark shapes from being distorted in rewriting. It is preferred to use a 
material having a high refractive index and absorbing light appropriately as the material of the optical absorption com- 
5 pensation layer 15. For instance, a material with a refractive index n of 3 to 6 and an extinction coefficient ko1 1 to 4 
can be used. Specifically, an amorphous Ge alloy such as Ge-Cr or Ge-Mo, or an amorphous Si alloy such as Si-Cr, 
Si-Mo, or Si-W can be used. In addition, it also is possible to use crystalline metal, semi-metal, or a semiconductor 
material, such as a Si alloy, a telluride, 71, Zr, Nb, Ta : Cr, Mo, W, SnTe, or PbTe. 

[0035] The reflective layer 16 has a function of increasing the quantity of light to be absorbed in the recording layer 
10 14. In addition, the formation of the reflective layer 16 allows heat generated in the recording layer 14 to be diffused 

quickly to facilitate the transformation in phase of the recording layer 14 to the amorphous phase. Furthermore, when 

the reflective layer 1 6 is formed, laminated layers can be protected from an operating environment. 

[0036] A single-element metal with high thermal conductivity such as, for example, Al, Au, Ag, or Cu, can be used 

as the material of the reflective layer 16. Alloys also may be used, including Al-Cr, AI-71, Ag-Pd, Ag-Pd-Cu, Ag-Pd-Ti, 
is or the like. In such alloys, their compositions are varied, so that the moisture resistance and thermal conductivity can 

be adjusted. Furthermore, it may be possible to omit the reflective layer 16 depending on the material of the recording 

layer 14 and information recording conditions. 

[0037] The adhesive layer 17 is used for bonding the dummy substrate 1 8 to the reflective layer 16. The adhesive 
layer 17 is formed of a material with a high thermal resistance and high adhesiveness. For example, resins such as 
20 ultraviolet curable resins or the like can be used for the adhesive layer 17. Specifically, a material containing acrylic 
resin or epoxy resin as a main component can be used. The adhesive layer 17 also may be formed using a resin film, 
a dielectric film, a double sided tape or combinations thereof. 

[0038] The dummy substrate 18 is a disc-like substrate. The dummy substrate 18 has a function of improving the 
mechanical strength of the information recording medium 1 0. The dummy substrate 18 protects the laminated layers. 
25 The materials described with respect to the substrate 11 can be used for the dummy substrate 1 8. The material of the 
dummy substrate 18 may be the same as or different from that of the substrate 11 . In addition, the thickness of the 
dummy substrate 1 8 may be the same as or different from that of the substrate 11. 

[0039] In the information recording medium 10 according to Embodiment 1, the recording layer 14 contains the 
elements M, Ge, Sb, Te, and Sn as constituent elements. According to the information recording medium 1 0, therefore, 

30 an information recording medium can be obtained that allows high density recording to be carried out, is excellent in 
the repeated- rewriting performance, and is deteriorated less in crystallization sensitivity with time. 
[0040] In Embodiment 1 , the information recording medium 1 0 with one recording layer 1 4 was described. However, 
the information recording medium of the present invention may be provided with two recording layers 14 (the same 
holds true in the following embodiments). For example, two information recording media 10 are laminated using an 

35 adhesive layer with their respective dummy substrates 1 8 adhering to each other, so that a two-sided information 
recording medium can be obtained. 

Embodiment 2 

40 [0041] In Embodiment 2, another example of an information recording medium of the present invention is described. 
The same portions as those described in Embodiment 1 are indicated with the same numerals and the duplicate de- 
scriptions will be omitted (the same holds true In the following embodiment). 

[0042] FIG. 2 shows a partial sectional view of an information recording medium 20 according to Embodiment 2. The 
information recording medium 20 includes: a first substrate 21 ; a reflective layer 16, an optical absorption compensation 

45 layer 15, a second protective layer 1 2b, a second interface layer 1 3b, a recording layer 1 4, a first interface layer 13a, 
and a first protective layer 12a, which are laminated sequentially on the first substrate 21 ; and a second substrate 22 
bonded to the first protective layer 12a with an adhesive layer 17. In other words, the information recording medium 
20 is provided with the first substrate 21 and the recording layer 14 disposed above the first substrate 21 . The infor- 
mation recording medium 20 is irradiated with energy beams (generally, laser beams) 1 9 for recording and reproduction 

so from the second substrate 22 side. 

[0043] The same substrate as the substrate 11 can be used for the first substrate 21 . The second substrate is a 
transparent disc-like substrate and can be formed of the same material as that of the substrate 11 . At the surface of 
the second substrate 22 on the recording layer 14 side, guide grooves for guiding the energy beams 1 9 may be formed. 
Particularly, it is preferable that the surface of the second substrate 22 on the energy beam 1 9 incident side is smooth 

55 and flat. The second substrate 22 is thinner than the first substrate 21 and has a thickness of, for example, about 0.05 
mm to 0.5 mm. 

[0044] In the information recording medium 20, since the second substrate 22 is thinner than the first substrate 21 , 
the numerical aperture of an objective lens can be increased. In this case, a beam spot size wean be given by: 
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iv = k-X/NA, 



wherein X denotes a wavelength of the energy beams 19, NA represents the numerical aperture of the objective lens 

I erture NA "t eref o e' T *" " d "™^?KSS 

aperture NA. Therefore, in the .nformation recording medium 20 allowing the numerical aperture of the objective lens 

n&ttZ^^r"" ' S P ° ssib,e as compared t0 the 0386 of the in,ormation 1 0 

of 0 6 mm, and an objecfve lens with a NA of 0.85 can be used when the substrate has a thickness of 0 1 mm (Kivoshl 

soTe^r ° PtiCal ° iSk System wlth over 10GB of Capaci *" Proc - SP,E - Opt^^ZX, 

^SSJUt infOrma " 0n recordin 9 medium 20 - tha ^cording layer 14 made of the material described with respect 
be obtateT 9 ' ° " S ° ^ th<5 effeCt 88 in the info ™ ati °" '~ g me^TS 

Embodiment 3 

S° a 4 mL l l Emb0d l me T \ B meth ° d ° f manufacturin 9 an information recording medium 1 0 is described as an example 

"a 2 f 6 Pr6Sent inVenti ° n ' AS deSCribSd be '° W ' the manufa <*"™9 ^thod accord'g to Embo^ 
rn^i, P ° f f0fTnln9 a recordin 9 'ayer 1 4 by a vapor deposition method. 

!XL ™ 3 SUbStratC 11 iS Prepar6d and iS P ' aced in de P° si «°n equipment. Single wafer deposition equipment 

may be deposited using the same or different deposition equipment «opecuve layers 

[0048] A first protective layer 12a, a first interface layer 13a, a recording layer 14, a second interface layer 13b a 

second protective layer 12b, an optical absorption compensation layer 15 and a reflective laye 16 aTe formld se 

TZILT th , eS , Ub T e 1 H 1 When 9 ro ° ves torguldlns energy beams 19 are formed at the surface offhe sTslrate 
1 1 , the first protective layer 1 2a is formed on the surface with the grooves suostrate 

SSve^Ma S?S ', ayer !f k ? I"* interfaC6 ' ayer 13a ' the SeC ° nd interface 13b ' and th * ^cond 
J V J ° rmed by ' f0r mstance ; a sputtering method. Specificaiy. a base material made of a 

compound may be sputtered in an Ar gas atmosphere or an atmosphere of a gas mixture of an Ar gas and a reaclt 
gas. A reacfve sputtenng method also may be used in which a base material made of metal is sputteredln an atmos 
phere of a gas mixture of an Ar gas and a reactant gas sputtered in an atmos- 

method Ine^Tone 9 s ^[J. 4 ; S ^ adeofthe Serial described in Embodimentl and is formed by a vapor deposition 
Thlm 0 ^, leaS *° ne se| ected from a vacuum evaporation method, a sputtering method, an ion platinq method a 
chemical vapor deposition, and a molecular beam epitaxy can be used as the va^or deposition method 

™L?LZtt£XXS2r h can be formed by a sputterin9 mcthod usln9 a 9as m ^ a, 

nfTc r 9as J elected ,rom nitro 9 en 9as and oxygen gas and one rare gas selected from argon and krypton Examples 

mlrLLT Ure ' ^ 3 938 mlXtUre ° f ni,r ° gen 936 and ar90n ' a 9a * mixtura »' "Itiogen gas anTCton oTgas 
matures oontain.ng oxygen gas added thereto. Specifically, a base material (target) containing Ge Sb Tsn and an 

FlTbale m °" ^ deSCribed above ' s ° « hat recording layeM 'In be ied 

mlri a r e h ? corras P° ndin 9 to Ge, Sb, Te, Sn, and the element M, respectively, or a binary or ternary^ase 

material obtamed by comb.nation of some elements may be used as the base material. When the I „, M consfsts 

irr^s z^i sex* Sb ' Te - and sn is sputtered in an atm — — 9 « 

[0052] The sputtering method allows easy lormation of a recording layer expressed by 

[(Ge, Sn) A Sb 2 Te 3+A J 10 ^ B M B , 

wherein 0 < A < 10 and 0 < B < 20 

[0054] After the formation of the second protective layer 1 2b, the optical absorption compensation layer 1 5 and the 
reflective layer 16 are formed on the second protective layer 12b. The optical absorption compensat Z LZ 1 E 1T« 

vtst T"z«z: id'hTr 6 , fom r 7 by f sputte ; ing of base materiais made ° f S a a r s h y :; 1 5 and 

[0055] Next, the adhesive layer 1 7 is fornied on the reflective layer 1 6 and the reflective laver 1 6 and th* h, ,mm„ 
substrate 18 are bonded to each other. Thus, the information recoLg medium ^T. Zu^^ZZ 
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zation step for crystallizing the whole recording layer 14 may be carried out as required. The initialization step can be 
carried out before or after the dummy substrate 18 is bonded. 

[0056] The information recording medium 20 also can be manufactured by the same method as in the case of the 
information recording medium 10. The respective layers of the information recording medium 20 can be formed by the 

s same methods as in the case of the information recording medium 10. Furthermore, the second substrate 22 can be 
bonded to the first protective layer 1 2a with the adhesive layer 1 7 as in the case of the dummy substrate 1 8. Similarly 
in the method of manufacturing the information recording medium 20, the initialization step is carried out as required. 
The initialization step can be carried out before or after the second substrate 22 is bonded. In the information recording 
medium 20, the energy beams 19 are incident on the second substrate side 22, and therefore it is preferable that the 

10 thickness of the adhesive layer 1 7 is uniform throughout. 

[0057] According to the manufacturing method of Embodiment 3 , information recording media of the present invention 
can be manufactured easily. 

EXAMPLES 

15 

[0058] The present invention is described further in detail using examples as follows. 
Example 1 

20 [0059] In Example 1 , an example of the information recording medium 10 is described. The following description is 
directed to a method of manufacturing an information recording medium according to Example 1. 
[0060] First, a polycarbonate substrate (with a thickness of 0.6 mm) with a spiral guide groove formed at its one 
surface was prepared as the substrate 11 . A ZnS-Si0 2 layer (the first protective layer 12a, with a thickness of 140 nm), 
a Ge-N layer (the first interface layer 13a, with a thickness of 5 nm), a recording layer (the recording layer 14) : a Ge- 

25 N layer (the second interface layer 1 3b, with a thickness of 3 nm), a ZnS-Si0 2 layer (the second protective layer 12b, 
- with a thickness of 40 nm), a GeCr layer (the optical absorption compensation layer 15, with a thickness of 40 nm), 
and a Ag alloy layer (the reflective layer 1 6, with a thickness of 80 nm) were formed sequentially on the polycarbonate 
substrate by the sputtering method. The thicknesses of the first protective layer 12a and the second protective layer 
12b were adjusted so that a larger signal amplitude (variation in quantity of reflected light) in a wavelength of 660 nm 
- 30 and a larger quantity of incident light on the recording layer can be obtained. These thicknesses were determined using 
the calculation based on the matrix method. 

[0061] The recording layer was formed using a material expressed by a composition formula of [(Ge, 
Sn) 4 Sb 2 Te 7 ] 95 N 5 . This recording layer contains Ge and Sn in a total amount of 95x4/(4+2+7) < 29 atom.%. Specifically, 
-*■ the Ge content and the Sn content were set to be 24 atom.% and 5 atom.%, respectively. 

35 [0062] Afterward, an ultraviolet curable resin was spin-coated on the Ag alloy layer to form the adhesive layer 17. 
Finally, a dummy substrate (with a thickness of 0.6 mm) was allowed to adhere to the Ag alloy layer, which then was 
irradiated with ultraviolet rays. Thus, the Ag alloy layer and the dummy substrate were bonded. 
[0063] In Example 1 , the whole information recording medium was irradiated with the laser beams after the dummy 
substrate was bonded, so that the whole recording layer was crystallized. Thus, an information recording medium 

40 according to Example 1 was produced. In Example 1, eight types of information recording media 10-11 to 10 - 18 
having recording layers with different thicknesses were produced. 

[0064] On the other hand, information recording media were produced as comparative examples in the same manner 
as in the above-mentioned example except that the materials of the recording layers were changed. In these compar- 
ative examples, the recording layers were formed with a material expressed by a composition formula of Ge 4 Sb 2 Te 7 . 
45 Similarly in the comparative examples, eight types of information recording media C-11 toC-18 having the recording 
layers with different thicknesses were produced. 

[0065] With respect to the above-mentioned 16 types of information recording media, the repeated-rewriting per- 
formance and the deterioration in crystallization sensitivity with time were evaluated. The methods of evaluating them 
are described later. The evaluation results are shown in Table 1. 

50 



Table 1 



Information Recording 
Medium No. 


Thickness of Recording 
Layer [nm] 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


10-11 


3 


E1 


E2 


10-12 


5 


C1 


C2 


10-13 


7 


A1 


B2 
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Information Recording 
Medium No. 


i niuKness or riecoroing 
Layer [nm] 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


10-14 


9 


A1 


RO 


10-15 


11 


B1 


AO 


10-16 


13 


B1 


AO 


| 10-17 


15 


C1 


AO 


10- 18 


17 


C1 


AO 


C- 11 


3 


E1 


CO 

tZ*t\ 


C-12 


5 


E1 


E2 


C - 13 


7 


B1 


D2 


C - 14 


9 


B1 


D2 


C-15 


11 


C1 


C2 


C-16 


13 


C1 


C2 


C- 17 


15 


D1 


B2 


C- 18 


17 


D1 


B2 


<£UUUUU S A I " " 

100000 < B1 < 200000 
10000 <C1 < 100000 
D1 < 10000 
El: Unrewritable 

0 < A2 < 1 

1 < B2 < 2 

2 < C2 < 3 
3SD2 

E2 : Uneval uable 





J thl ' T r e r tab ' e NUmb6r ° f TimeS " indi0a,es better heated-rewriting performance. A1 to D1 
ZTTLSi "5 6S t eS ° ^ me b0tt0m ° f Tab ' 6 1 ' res P ective| y- El denotes that no rewriting was possible In 
™ «1'„T ! t,0n Jltter Va ' UC " indi ° ateS l6SS deterit >^tion in crystallization sensitivity with time. A2 to D2 

STS^TTifT b " d ^ b ° tt0m ° f Tab ' e 1 • K den ° teS ,hat "° evaluation was because the jitter 

Tr^a IS a, "T*?. Ll 8% f lh bStWeen ,eadin9 ed98S ° f reCOrdin 9 marks and belw een end edges of 
So™ a. x k? E J 0 the 'o"°wing tables also indicate the same meanings as in the above 

[ h \ u 91516 1 ' n ° ne ° f the inf0 ™ ati0 " ^°rding media C - 11 to C - 18 of the comparative examples 

SZ raCt ^ SaCS A .° r B b ° th " ' he reWrilab,S nUmber of times and variation ii«er value. On Softer hand 
number of times and variation in jitter value. 18 

fJr 0 m?n^° a nH he ave , ra9e \ the lnf °rmation recording media of Example 1 were excellent in the repeated-rewriting per- 
^orma ce and were less deteriorated I in crystallization sensitivity with time as compared to the comparative examples 
of n train 'inVnZT T7 ' m P™ement in the repeated-rewriting performance resulted from the addUion 

of nitrogen^ n addition, ,t also is conceivable that the deterioration in crystallization sensitivity with time was suppressed 
because of the increase in crystallization rate due to the substitution of part of Ge in Ge/b 2 Te 7 by Sn SUf>PreSSed 

Example 2 

EL'llT^ 2 ' th f descr * ,tion is directed to an e * a ™P'* in which the information recording medium 10 was 
produced with the Sn content in the recording layer being varied 

waJ «1. ,o hrT 1 ' 0 " re H°l din I media ^ Pr ° dUCed 33 in Examp,e 1 exce P l that ,he ° f recording layers 

\ t J ^ fte , Sn C ° ntemS thG reC ° rding layers were varied - ln the "formation recording media of 
Example 2, the recording layers were formed using a material expressed by a composition formula of [(Ge 
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Sn) 4 Sb 2 Te 7 ]g5N 5 . Eight types of information recording media 10-21 to 10-28 were produced with the Sn content 
varied between 2 atom.% to 25 atom.% and the Ge content varied between 27 atom.% to 4 atom.%. The information 
recording medium 1 0-22 is identical with the information recording medium 1 0 - 1 3. In addition, an information recording 
medium C - 21 that is free from Sn also was produced as a comparative example. 
s [0071] With respect to the information recording media 10-21 to 28 and C - 21 , the variations in jitter value were 
measured by the method described later and thus the deterioration in crystallization sensitivity with time was evaluated. 
The evaluation results are shown in Table 2. 



Table 2 





Ge/Sn Contents in Recording Layer 




Information Recording Medium No. 


Ge[atom.%] 


Sn[atom.%] 


Variation in Jitter Value [%] 


10-21 j 


27 


2 


C2 


10-22 


24 


5 


B2 


10-23 


22 


7 


B2 


10-24 


19 


10 


A2 


10-25 


14 


15 


A2 


10 - 26 


9 


20 


A2 


10-27 


6 


23 


E2 


10-28 


4 


25 


E2 


C-21 


29 


0 


D2 



[0072] As shown in Table 2, excellent characteristics were obtained when the Sn content was in the range between 
2 atom.% and 20 atom.%. 

30 Example 3 

[0073] In Example 3, the description is directed to an example in which the information recording medium 10 was 
produced with the element M being varied. 

[0074] Information recording media were produced as in Example 1 except that the element M was varied and the 
35 thickness of the recording layers was set to be 11 nm. In the information recording media of Example 3, the recording 
layers were formed using a material expressed by a composition formula of [{Ge, Sn) 4 Sb 2 Te 7 ^ 5 M 5 . The Ge content 
was set to be 24 atom.% and the Sn content to be 5 atom.%. In Example 3, five types of information recording media 
10-31 to 10 - 35 were produced using Mn, Ag, Cr, Al, or N as the element M. In addition, an information recording 
medium C - 31 that is free from the element M also was produced as a comparative example. 
40 [0075] With respect to the information recording media 1 0 - 31 to 35 and C - 31 , the repeated-rewriting performance 
was evaluated by the method described later The evaluation results are shown in Table 3. 



Table 3 



Information Recording Medium No. 


Element M 


Rewritable Rewritable Number of Times 


10-31 


Mn 


150000 


10-32 


Ag 


90000 


10-33 


Cr 


160000 


10-34 


Al 


180000 


10-35 


N 


150000 


C-31 


None 


70000 



55 [0076] As shown in Table 3, the use of Mn, Ag, Cr. Al. or N as the element M allowed the rewriting performance to 
improve. This effect was quite large, particularly when Mn, Cr, Al, or N was used. In addition, when Ag was used as 
the element M, the signal amplitude increased and thus the jitter values between leading edges of recording marks 
and between end edges of the recording marks were increased. 
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Example 4 



?^J^imSSS is directed to an example in which the informa,ion recording medium 10 was 

[0078] Information recording media were produced as in Example 1 except for usinq Mn as the element M In th* 

SrZZS TZiZST? V h he : eC ° rdin9 ' ay - "» « ^ 

sitJon formula of [(Ge, Sn) 4 Sb a Te 7 ]9 5 Mn s . The Ge content was set to be 24 atom.% and the Sn content to be 5 atom 

[0079] With respect to the information recording media 1 0 - 41 to 1 0 - 48, the repeated-rewritinq performance and 

Si :r:sr ion sensrtivity with time were eva,uated by the ™ th ° ds ^^itsssle 



Information Recording 
Medium No. 


Thickness of Recording 
Layer [nmj 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


10-41 


3 


E1 


E2 


10-42 


5 


C1 


C2 


10-43 


7 


A1 


B2 


10-44 


9 


B1 


B2 


10-45 


11 


B1 


A2 


10-46 


13 


B1 


A2 


10-47 


15 


C1 


A2 


10-48 


17 


D1 


A2 



ES2L ^ " l" T u ble 4> the USe ° f M " aS ,he element M allowed information recording media to be obtained 

^iJK!H2i^5S2^ T" and W6re deteri0rated ' eSS in «y^"-tion sensCS 
nm in a< W h charactenst.cs were excellent when the thickness of the recording layer was 7 nm to 13 

vail fit S ' 9n f reC ,° rded bef ° re the leave - sta ^'"9 ^p were reproduced without the variationTn Jtter 

value. As a result, rt was confirmed that there also was no problem in archival property since was not found 

Example 5 

E J" .^ Xa h mple 5 ; the description is directed to an example in which the information recording medium 1 0 was 
produced with the content of the element M and the Sn content being varied 

thIS JIT*' 0 " reC °, rd ! n u 9 mSdia Were Pr0duced as in Exam P |e 1 e * ce P l »«« Cr was used as the element M and 
(Ge Sn Sb Te t ITVeTcT? ^ ^ 8 materia ' * * -mposmoTfolula of 

to 4 atom % Thefetekni n f t ^ 0n,en ' Was , varled fro ™ ° atom.% to 25 atom.% and the Ge content from 29 atom.% 
io 4 atom. /o. The thickness of the recording layer was set to be 9 nm 

222 J?"- rSS , PeCt t0 3 P ' Urality ° f informati °" recordi ng media thus produced, the repeated-rewriting performance 
f whfcn nT°T T " 7 S,a " iZation sensitivitv ™* «m. were evaluated by the methods described later The^nges 
m wh,ch particularly excellent results were noted as a result of the evaluations were indicated by the ma^ . in Table 5 
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Table 5 



[atom.%] 


Sn Content [atom.%] 


0 


2 


5 


7 


10 


15 


20 


23 


25 


0 




















! 2 




















5 








* 












7 










* 










10 












* 








15 














* 






| 20 




















23 




















25 





















20 [0084] The mark * denotes that the rewritable number of times was at least 100000 and the variation in jitter value 
was not more than +2%. As shown in Table 5, the use of a material containing 5 atom.% to 20 atom.% Sn and 2 atom. 
% to 1 5 atom.% Cr allowed information recording media to be obtained which were excellent in the repeated-rewriting 
performance and were deteriorated less in crystallization sensitivity with time. 

[0085] In addition, the same test was carried out using Mn or Al as the element M. As a result, the same results were 
25 obtained as in the information recording media using Cr as the element M. 

[0086] Furthermore, the same test was carried out using Ag and Mn, Ag and Al, or Ag and Cr as the element M. The 
Ag content was set to be 1 atom.%. As a result, information recording media with excellent characteristics were obtained 
when the Sn content was set to be 5 atom.% to 20 atom.% and the content of Mn s Al, or Cr 1 atom.% to 13 atom.%. 

30 Example 6 

[0087] The description in Example 6 is directed to an example in which the information recording medium 20 was 
produced. 

[0088] - First, a polycarbonate substrate (with a thickness of 1.1 mm) with a spiral guide groove formed at its one 
35 surface was prepared as the first substrate 21 . Then, a Ag alloy layer (the reflective layer 16, with a thickness of 80 
nm), a Te compound layer (the optical absorption compensation layer 15, with a thickness of 20 nm), a ZnS-SiO z layer 
(the second protective layer 12b, with a thickness of 11 nm), a Ge-N layer (the second interface layer 13b, with a 
thickness of 3 nm), a recording layer (the recording layer 1 4), a Ge-N layer (the first interface layer 13a, with a thickness 
of 5 nm), and a ZnS-Si0 2 layer (the first protective layer 12a, with a thickness of 60 nm) were formed sequentially on 
40 the polycarbonate substrate by the sputtering method. The thicknesses of the first protective layer 1 2a and the second 
protective layer 12b were adjusted so that a larger signal amplitude (variation in quantity of reflected light) in a wave- 
length of 405 nm and a larger quantity of incident light on the recording layer were obtained. These thicknesses were 
determined using the calculation based on the matrix method. 

[0089] The recording layer was formed using a material expressed by a composition formula of [(Ge, 
45 Sn) 4 Sb 2 Te 7 ] 95 lvln 5 . The Ge and Sn contents were set to be 19 atom.% and 10 atom.%, respectively. 

[0090] Afterward, an ultraviolet curable resin was applied to the first protective layer to form the adhesive layer 17. 
Finally, a second substrate (the second substrate 22, with a thickness of 0.1 mm) was allowed to adhere to the first 
protective layer, which then was irradiated with ultraviolet rays. Thus, the first protective layer and the second substrate 
were bonded. 

so [0091] In Example 6, after the second substrate was bonded, the whole information recording medium was irradiated 
with laser beams, so that the whole recording layer was crystallized. Thus, an information recording medium according 
to Example 6 was produced. In Example 6, seven types of information recording media 20 - 1 to 20 - 7 having recording 
layers with different thicknesses were produced. With respect to these information recording media, the repeated- 
rewriting performance and the deterioration in crystallization sensitivity with time were evaluated by the evaluation 

55 methods described later. In Example 6, high density recording was carried out using laser beams with a wavelength 
of 405 nm and an objective lens with a NA of 0.8 and thus the characteristics were evaluated. The evaluation results 
are shown in Table 1 . 
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Information Recording 
Medium No. 


Thickness of Recording 
Layer [nm] 


Rewritable Number of 
Times 


Variation in Jitter Value [%] 


20-1 


5 


E1 


E2 


20-2 


7 


B1 


C2 


20-3 


9 


B1 


B2 


20-4 


11 


B1 


B2 j 


20-5 


13 


B1 


B2 


20-6 


15 


C1 


B2 


20-7 


17 


E1 


E2 



Evaluatio n of Repeated-Rewriting Performance 



Evaluation of Deterioratio n in Crystal iization Sensitivity with Time 



SSSL 71 " f0 "° Win9 deSCriP,i0 " fe direCtSd ,0 ' meth ° d ° f 6ValUatin 9 the '^oration in crysta„*ation sensftivrty 
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between end edges of the recording marks were measured. 

[0102] The "Variation in Jitter Value [%]" in the tables is given by (Variation in Jitter Value [%]) < (Jitter Value After 
Leave-Standing Step [%]) - (Jitter Value Before Leave-Standing Step [%]). 

[0103] When the crystallization sensitivity does not vary before and after the leave-standing step, the variation in 
5 jitter value hardly occurs. On the contrary, when the crystallization sensitivity decreases after the leave-standing step, 
the variation in jitter value increases. Therefore, it can be understood that the less the jitter value varies, the less the 
crystallization sensitivity is deteriorated with time. Practically, it is preferable that the worse one of the variations in jitter 
value between leading edges and end edges is not more than +2%. 

10 

Claims 

1. An information recording medium, comprising: 

is a substrate; and 

a recording layer disposed above the substrate, 

wherein the recording layer comprises, as constituent elements, Ge. Sb, Te, Sn, and at least one element M 
selected from Ag, Al, Cr, Mn, and N and is transformed in phase reversibly between a crystal phase and an 
amorphous phase by an irradiation of an energy beam. 

20 

2. The information recording medium according to claim 1 , wherein the recording layer is formed of a material ex- 
pressed by a composition formula of 



25 



[(Ge, Sn) A Sb 2 Te 3+A ] 100 . B M B , 



where 0 < A £ 10 and 0 < B £ 20. 



3. The information recording medium according to claim 1 or 2, wherein a content of Sn in the recording layer is 2 
30 atom.% to 20 atom.%. 

4. The information recording medium according to claim 1, wherein the recording layer has a thickness of 5 nm to 
15 nm. 

35 5. The information recording medium according to claim 1 , further comprising a first protective layer, a second pro- 
tective layer, and a reflective layer, 

wherein the first protective layer, the recording layer, the second protective layer, and the reflective layer are 
formed sequentially on the substrate. 

40 6. The information recording medium according to claim 1 , further comprising a first protective layer, a second pro- 
tective layer, and a reflective layer, 

wherein the reflective layer, the second protective layer, the recording layer, and the first protective layer are 
formed sequentially on the substrate. 

45 7. The information recording medium according to claim 5 or 6, further comprising an interface layer disposed in at 
least one position selected from a position between the first protective layer and the recording layer and position 
between the second protective layer and the recording layer. 

8. The information recording medium according to claim 5 or 6. further comprising an optical absorption compensation 
so layer disposed between the reflective layer and the second protective layer. 

9. A method of manufacturing an information recording medium including a substrate and a recording layer disposed 
above the substrate, the method comprising forming the recording layer by a vapor deposition method, 

wherein the recording layer comprises, as constituent elements, Ge, Sb, Te, Sn, and at least one element 
55 M selected from Ag, Al, Cr, Mn, and N and is transformed in phase reversibly between a crystal phase and an 

amorphous phase by an irradiation of an energy beam. 

1 0. The method of manufacturing an information recording medium according to claim 9, wherein the vapor deposition 
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Fig. 1 
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Fig. 2 
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